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(54) Method of manufacturing optical waveguide having no void 



(57) In a method of manufacturing an optical 
waveguide, a lower clad layer (6) is formed, by using 
CVD, on a substrate 1 . The lower clad layer is made of 
a quartz material. A core formation layer (7) is formed, 
by CVD, on the lower dad layer. The core formation 
layer is made of a quartz rraterial. At least two cores (8) 
are fo v channel ! g- ~ iteming the core formation 

!'. • : Ji*J io* V formed, by CVD in which 



one or more organic materials are used as a 
source/sources, on the cores and the lower clad layer. 
The upper clad layer is made of a quartz material which 
includes at least one of phosphors, boron, and germa- 
nium as a dopant. The sources include an identical 
alkoxyl radical. 
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Description 

FIELD OF THE INVENTION 

The invention relates to a method of manufacturing s 
an optical waveguide by using quartz materials, and 
more particularly to a method of manufacturing an opti- 
cal waveguide for optica! devices of various kinds that 
are used in such an optical fiber network. 

BACKGROUND OF THE INVENTION 

In recent years, a large capacity of an optical com- 
munication system is advanced, and a highly system 
having multi-functions is needed. In addition, an optical 
fiber network is required to be structured with low cost 
An optical waveguide is indispensably necessary to be 
small in size, highly integrated, and low in cost, since 
the optical waveguide is used in an optical device such 
as a coupler, a switch, a filter, and a modulator. Also, the 
optical waveguide is used in such a functional device 
which comprises a semiconductor laser and a semicon- 
ductor photo detector which are mounted in the form of 
hybrid together with an optical device on a substrate. 
Research and development of these devices are 
actively advanced. 

Presently, a quartz material, a ferroelectric material, 
an organic material, a semiconductor material, etc. are 
used as a material of the optical waveguide. Since the 
optical waveguide made of th^quartz material has the 
smallest li^ '^*tf*:nsm1ssio-i an optical device hav- 
ing a sm^J i ^transmi&^^ h^Sris- easily realized by 
using the -xfjsrtz material. **>$so, since the optical 
waveguide maybe fabricated on a Si-substrate having a 
large diameter, low cost and mass-productivity are real- 
ized. 

A conventional optical waveguide typically com- 
prises a substrate and a lower clad layer, cores, and an 
upper clad layer which are grown on the substrate. 

In order to obtain the optical waveguide having a 
small light transmission toss, each of the lower and 
upper clad layers and cores needs to have a predeter- 
mined thickness. 

Presently, a flame depositing method, or chemical 
vapor deposition (CVD) using silane gas, chloride gas, 
an organic material source, etc. is used for the deposi- 
tion of a quartz material. 

In the flame depositing method, powders of quartz 
are deposited on a substrate, and the powders of quartz 
are heated and fused at a temperature of about 1 500 °C 
to be transparentized, so that an optical waveguide is 
fabricated. For this thermal treatment, a large thermal 
stress is introduced in a layer of quartz, so that cracks 
tend to occur therein. Therefore, it is hard in the fabrica- 
tion of an optical waveguide to adopt a Si-substrate hav- 
ing a large diameter of, for instance, 6 inches. In 
addition, birefringence occurs due to strains caused by 
the thermal stress, so that the optical characteristics are 
deteriorated to result in polarization dependency, etc. 
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On the other hand, in the CVD which uses silane 
gas. chloride gas, etc., it is possible to form a minute 
and transparent quartz layer immediately after the dep- 
osition thereof. However, when the upper clad layer is 
deposited to embed the two adjacent cores, the deposi- 
tion rate is different at positions of a side wall, a bottom 
surface, and an upper corner of each of the cores. In 
more detail, the deposition rate is high at the upper cor- 
ner of each core. As a result, a void tends to occur in the 
upper clad layer between the two adjacent cores. 

Therefore, a void must be eliminated by ref lowing 
the upper clad layer at a high temperature. For this proc- 
ess, an interna! stress is increased due to the thermal 
treatment for the elimination of the void, in addition to a 
stress resided in the upper clad layer immediately after 
the deposition thereof. Even in the CVD, birefringence 
occurs due to strains caused by the stresses as 
explained above. As a result, the optical characteristics 
are deteriorated to result in polarization dependency, 
etc. in a resultant optical device. 

As described above, a conventional method of 
manufacturing an optical waveguide by using a flame 
depositing method or CVD has disadvantages in that 
the below requirements are not met simultaneously; 

(a) the deposition of a quartz material having a 
thickness necessary for the fabrication of an optical 
waveguide is realized on a Si-substrate of a large 
diameter, 

(b) the optical characteristics are not deteriorated in 
a fabricated optical waveguide, and 

(c) a void is avoided to occur jn an upper. clad layer 
between two adjacent cores. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the invention to pro- 
vide a method of manufacturing an optical waveguide 
that is capable of concurrently depositing, on a Si-sub- 
strate having a large diameter, a quartz material layer 
having a thickness necessary for forming an optical 
waveguide, and avoiding the deterioration of the optical 
characteristics, and the occurrence of a void in an upper 
clad layer between two adjacent cores. 

Other objects of the invention will become clear as 
the description proceeds. 

According to the invention, a method of manufactur- 
ing an optical waveguide, comprises, the steps of: 

forming, by using CVD, a lower clad layer on a sub- 
strate, the lower clad layer being made of a quartz 
material; 

forming, by using CVD, a core formation layer on 
the lower clad layer, the core formation layer being 
made of a quartz material: 

forming at least two cores by patterning the core 
formation layer; and 

forming, by using CVD in which one or more 
organic materials are used as a source/sources, an 
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upper clad layer on the cores and the lower clad 
layer, the upper clad layer being made of a quartz 
material which includes one or more dopants 
selected from phosphorus, boron, and germanium, 
the sources including an identical aikoxyl radical. 5 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be explained in more detail in 
conjunction with appended drawings, wherein: 10 

FIG. 1 is a schematic sectional view for explaining a 
first conventional method of manufacturing an opti- 
cal waveguide; 

FIG. 2 is a schematic sectional view for explaining a 15 
second conventional method of manufacturing an 
optical waveguide; and 

FIG. 3 is a schematic sectional view for explaining a 
method of manufacturing an optical waveguide 
according to an embodiment of the invention. 20 

DESCRIPTION OF THE PREFERRED EMBQPI- 
MENTS 

Before explaining a method of manufacturing an 2s 
optical waveguide in the preferred embodiments 
according to the invention, the aforementioned conven- 
tional method of manufacturing an optical waveguide 
will be explained in FIGS. 1 AND 2. 

FIG. 1 shows a first conventional optical waveguide 30 
which ordinarily comprises a subsW^ * ..-/id a. lo^xi 
clad layer 2. cores 3, and «n tippar <r&;^aycr * whLi 1 : ■, 
formed on the substrate 1 . In order tc okSeii . the apticfcv . 
waveguide having a small light transmission loss, each 
of the lower and upper clad layers 2 and 4 needs to have 35 
a thickness of above 10 urn. Also, in order to connect 
the cores 3, with high efficiency, to an optical fiber, each 
of the cores 3 needs to have a thickness of about 3 to 1 0 
i^m. Therefore, in order to obtain the optical waveguide 
having the small light transmission loss, three layers of 40 
the lower and upper clad layers 2 and 4 and the cores 3 
need to have a total thickness of above 25 nm. 

In the flame depositing method, powders of quartz 
are deposited on a substrate, and the powders of quartz 
are heated and fused at a temperature of about 1500°C 45 
to be transparentized, thereby the optical waveguide are 
formed. Therefore, it is easily possible to deposit the 
upper clad layer 4 over and between the two adjacent 
cores 3. However, since a large thermal stress is intro- 
duced, cracks occurs in the upper clad layer 4, etc.. so 

On the other hand, in the CVD which uses one of 
silane gas, and chloride gas, etc., it is possible to form a 
minute and transparent quartz layer immediately after 
deposition. However, when the upper clad layer 4 is 
deposited over and between the two adjacent cores 3, ss 
the deposition rate is different at positions of a side wall, 
a bottom surface, and an upper corner of each of the 
cores 3. Particularly, the deposition rate at the upper 
corner of each of the cores 3 is high. As a result, as 



shown in FIG. 2. a void 5 occurs in the upper clad layer 
4 between the two adjacent cores 3. 

Therefore, in the CVD, the void is eliminated by 
reflowing the upper clad layer 4 at a high temperature. 
As a result, an internal stress which occurs in heating 
the upper clad layer 4 for eliminating the void is added to 
a stress which remains therein immediately after the 
deposition thereof. 

Referring to FIG. 3, the description will proceed to a 
method of manufacturing an optical waveguide accord- 
ing to an embodiment of the invention. 

In FIG. 3, a substrate 1 is prepared in a known man- 
ner to have a main surface 1a. For example, the sub- 
strate 1 is made of Si. A lower clad layer 6 is formed, by 
using a method of the CVD, on the main surface 1a of 
the substrate 1. The lower clad layer 6 is m&de of a 
quartz material. The lower cfad layer 6 has a thickness 
of about 10 to 20 ^m. Next, a core layer 7 is formed, by 
the method of the CVD, on the lower clad layer 6. The 
core layer 7 is made of a quartz material. Next, at least 
two cores 8 are formed, as channels, by patterning the 
core layer 6. Each of the cores 8 has a thickness of 
about 3 to 10 11m. 

Next, an upper clad layer 9 is formed, by the 
method of the CVD that uses an organic material as a 
source, on the cores 8 and the lower clad layer 6. The 
upper clad layer 9 is made of a quartz material which 
includes at least one of phosphorus, boron, and germa- 
nium as a dopant, the source including aikoxyl radical. 
The upper clad layer 9 has a thickness of about 1 0 to 20 

The cores 8 are made of a material, a refractive 
index of which is higher than that of the lower and upper 
dad layers 6 and 9. Each refractive index of the lower 
and upper clad layers 6 and 9 and the cores 8 is control- 
led by density of dopant. In case that the cores 8 are 
made of a material of the same composition as the 
lower and upper clad layers 6 and 9. a composition ratio 
of the cores 8 is different from that of the tower and 
upper clad layers 6 and 9. 

In the preferred embodiment, the CVD in which the 
organic material is used as the source is one selected 
from an atmospheric pressure CVD (APCVD), a plasma 
CVD (PCVD), and a low pressure CVD (LPCVD). 

The lower clad layer 6 preferably is made of non- 
doped Si0 2 (NSG). The lower clad layer 6 may be made 
of a material which includes the NSG and one or more 
dopants such as phosphor, boron, and germanium that 
are doped in the NSG. The lower clad layer 6 preferably 
is formed by the CVD method in which, as a source, an 
organic Si material such as tetraethoxysilane 
(Si(OC 2 H 5 ) 4 ) and tetramethylortho-silicate (Si(OCH 3 ) 4 ) 
is used. In case of doping impurities in the tower clad 
layer, an organic material which is the same as the 
upper clad layer 9 is used together with the organic Si 
material. 

The core layer 7 preferably is formed by using the 
CVD in which organic material is used as a source, in 
this event, tetraethoxysilane (Si(OC 2 H 5 ) 4 ) and tetrame- 
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thylortho-silicate (Si(OCH 9 ) 4 ) are used as an organic Si 
material. Trimethylphosphite (P(OCH 3 ) 3 ). trimethyl- 
phosphate (PO(OCH 3 )3), and triethylphosphate 
(PO(OC 2 H 5 )3) are used as an organic material for dop- 
ing phosphor. Triethylborate (B(OC 2 H 5 ) 3 ) and trimethyl- s 
borate (B(OCH 3 ) 3 ) are used as an organic material for 
doping boron. Tetramethoxygermanium (Ge(OCH 3 ) 4 ) 
and tetraethoxygermanium (Ge(OC 2 Hs) 4 ) are used as 
an organic material for doping germanium. 

These organic materials suitably are selected 10 
dependency on a composition of the core 8. After each 
of organic materials as the source is vaporized and 
mixed, the organic materials are introduced in a reac- 
tion chamber. Oxygen is provided in the reaction cham- 
ber after ozonization in addition to the organic source, is 
The core layer 7 is formed by using one of the atmos- 
pheric pressure CVD, the plasm CVD, and the low pres- 
sure CVD. The temperature of forming the core layer 7 
in the reaction chamber preferably is a value of 200 to 
800 °C. 20 

When both of the lower clad layer 6 and the cores 8 
are formed by the CVD in which the organic source is 
used, it is possible to form the lower clad layer 6 and the 
cores 8 without exposing the substrate 1 to the atmos- 
phere. Also, since it is possible to form a layer which has ss 
a small stress, it is possible to form a thick layer which 
has a small stress in even case that a substrate having 
a large diameter is used. After an oxide layer is grown 
for the cores 8, the cores 8 are formed by patterning the 
core layer 7. Patterning the core layer 7 is carried out by 30 
using an etching such (Reactive "Jc^ Etching) 

method and IBE (Ion Be^jLiChingi) method. \ 

In order to increase a refractive inctexrfhe cores 8 
are made of a material which consists of the NSG and 
impurities doped in the NSG. Namely, the cores 8 may 35 
be made of one selected from Si0 2 including doped 
germanium oxide (Ge0 2 ) that will hereafter be called 
GeSG, Si02 including doped germanium oxide (Ge0 2 ) 
and phosphorus oxide (P 2 0 5 ) that will hereafter be 
called GePSG, Si0 2 including doped germanium oxide 40 
(Ge0 2 ) and boron oxide {B z O^) that will hereafter be 
called GeBSG. Si0 2 including doped germanium oxide 
(Ge0 2 ). phosphorus oxide, and boron oxide (B 2 0 3 ) that 
will hereafter be called GeBPSG, Si0 2 including doped 
phosphorus oxide (P 2 O s ) that will hereafter be called as 
PSG, and Si0 2 including doped phosphorus oxide, and 
boron oxide that will hereafter be called BPSG. 

The upper clad layer 9 is made of a material which 
includes the NSG and impurity (dopant). Namely, the 
upper clad layer 9 is made of one selected from PSG so 
which consists of NSG including doped phosphorus 
oxide, glass material which consists of NSG including 
doped boron oxide that will hereafter be called BSG, 
BPSG which consists of NSG including doped phospho- 
rus oxide and doped boron oxide, GeSG which consists ss 
of NSG including doped germanium oxide, GePSG 
which consists of NSG including doped germanium 
oxide and doped phosphorus oxide, GeBSG which con- 
sists of NSG including doped germanium oxide and 



doped boron oxide, and GeBPSG which consists NSG 
including doped germanium oxide, doped phosphorus 
oxide, and doped boron oxide. 

The upper clad layer 9 is formed by using the CVD 
in which an organic material is used. The organic mate- 
rial of the upper dad layer 9 is the same as that of the 
cores 8. Namely, the glass layer is formed by introduc- 
ing, in the reaction chamber, gas of tetraethoxysilane 
(Si(OC 2 H 5 ) 4 ) or tetramethylortho-silicate (Si(OCH 3 ) 4 ), 
gas of at least one of an organic source for dopant, and 
ozone. To form the upper clad layer 9 preferably is car- 
ried out by the normal pressure CVD method. Also, to 
form the upper clad layer 9 is carried out by one of the 
plasm CVD method and the low pressure CVD method. 
The temperature of forming the upper clad layer 9 in the 
reaction chamber preferably is a value of 200 to 800 °C. 

The inventor of the invention has found that the 
deposition rate of a quartz material at positions of a side 
wall, a bottom surface, and upper corners of the cores 8 
is equal ized, namely, the deposition rate of a quartz 
material at the upper corners of the cores 8 becomes 
slower, if each of the organic source materials includes 
the same alkoxyl radical when the upper clad layer 9 is 
formed over and between the two adjacent cores 8 
which are positioned with a narrow space left therebe- 
tween. 

Therefore, it is possible to embed the two adjacent 
cores 8 without occurrence of any void when layers are 
formed only by using organic sources including an iden- 
tical alkoxyl radical. As a result, to reflow ttie upper clad 
layer 9 at a high temperature in the conventional method 
is not necessary in the invention. The quartz glass orig- 
inally is formed with a low internal stress state by using 
the CVD in which the organic sources having an identi- 
cal alkoxyl radical are used. According to the invention, 
since heating an upper clad layer at a high temperature 
is not necessary to be carried out, it is possible to derive 
the low internal stress state in an optical waveguide. As 
a result, the invention can prevent deterioration of the 
optical characteristics which are caused by birefrin- 
gence, etc. 

The upper clad layer 9 preferably is formed by at 
least one of trimethylphosphate (PO(OCH 3 ) 3 ), trimeth- 
ylborate (B(OCH 3 ) 3 ), and tetramethoxygermanium 
(Ge(OCH 3 ) 4 ) as organic source materials for a dopant 
in case of using tetraethoxysilane (Si(OC 2 H 5 ) 4 ) as a Si 
organic material. Also, the upper clad layer 9 preferably 
is formed by at least one of trimethylphosphite 
(P(OCH 3 ) 3 ), trimethylborate (B(OCH 3 ) 3 ). and tetrame- 
thoxygermanium (Ge(OCH 3 ) 4 ) as organic source mate- 
rials for a dopant in case of using tetraethoxysilane 
(Si(OC 2 H 5 ) 4 ) as a Si organic material. In addition, the 
upper clad layer 9 preferably is formed by at least one of 
triethylphosphate (PO(OC 2 H 5 ) 3 ), triethylborate 
(B(OC 2 H 5 ) 3 ), and tetraethoxygermanium (Ge(OC 2 H 5 ) 4 ) 
as organic source materials for a dopant in case of 
using tetraethoxysilane (Si(OC 2 H 5 ) 4 ) as a Si organic 
material. 
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[ FIRST IMPLEMENTATION ] 

The description will proceed to a first implementa- 
tion according to the invention. The lower clad layer 6, 
namely, NSG is deposited on the Si substrate 1 having 
a diameter of 6 inches to have a thickness of 20 nm by 
the APCVD method in which (Si(OC 2 H 5 ) 4 ) is used as 
the source at a deposition temperature of 400 °C. GeSG 
for forming the cores is deposited on the lower dad layer 
6 to have a thickness of 6 *im by the APCVD method in 
which (Si(OCH 3 ) 4 ) and (Ge(OCH 3 ) 4 ) are used as the 
sources at a deposition temperature of 400 °C. The two 
cores 8 each of which has a width of 6 urn are formed 
with a space of 5 urn left therebetween 8 by patterning 
the GeSG layer by using RIE. Next, the upper clad layer 
9, namely, PSG is deposited to have a thickness of 20 
urn by the APCVD method in which (Si(OCH 3 ) 4 ) and 
(PO(OCH 3 ) 3 ) are used as the sources at a deposition 
temperature of 400 °C. 

[ SECOND IMPLEMENTATION ] 

The description will proceed to a second implemen- 
tation according to the invention. The lower clad layer 6 
and the cores 8 are formed similarly to the first practical 
embodiment. The upper clad layer 6. namely. BSG is 
deposited to have a thickness of 20 \im by the APCVD 
method in which (Si(OCH 3 ) 4 ) and (B(OCH 3 ) 3 ) are used 
as the sources at a deposition temperature of 400 °C. 

[THIRD IMPLEMENTATION] , . 

The description will proceed to a third implemienta- 
tion according to the invention. The lower clad layer 6, 
namely, NSG is deposited on the Si substrate 1 of 6 
inches to have a thickness of 15 nm by the LPCVD 
method in which (Si(OCH 3 ) 4 ) is used as the source . 
GePSG for forming the cores 8 is deposited on the 
lower clad layer 6 to have a thickness of 5 ^un by the 
APCVD method in which (Si(OC 2 H 5 ) 4 ), (Ge(OCH 3 ) 4 ), 
and (PO(OCH 3 ) 3 ) are used as the source. The two 
cores 8 each of which has a width of 5 ^im are formed 
with a space of 7 jum left therebetween by patterning the 
GeSG layer by using IBE. Next, the upper clad layer 9, 
namely. GePSG is deposited to have a thickness of 15 
urn by the APCVD method in which (Si(OCH 3 ) 4 ), 
(Ge(OCH 3 ) 4 ), and (PO(OCH 3 ) 3 ) are used as the 
sources at a deposition temperature of 400 °C. 

[ FOURTH IMPLEMENTATION ] 

The description will proceed to a fourth implemen- 
tation according to the invention. The lower clad layer 6, 
namely, NSG is deposited on the Si substrate 1 having 
a diameter of 8 inches to have a thickness of 20 urn by 
the APCVD method in which (Si(OCH 3 ) 4 ) is used as the 
source. GePSG for forming the cores 8 is deposited on 
the lower clad layer 6 to have a thickness of 10 urn by 
the PCVD method in which (Si(OC 2 H 5 ) 4 ), 
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(Ge(OC 2 H 5 ) 4 ). and (PO(OCH 3 ) 3 ) are used as the 
sources. The two cores 8 each of which has a width of 
10 urn are forced with a space of 10 \im left therebe- 
tween by patterning the GePSG layer by using RIE. 
5 Next, the upper clad layer 9. namely, GeBSG is depos- 
ited to have a thickness of 20 urn by the APCVD method 
in which (Si(OCH 3 ) 4 ), (Ge(OC 2 H 5 ) 4 ), and (B(OC 2 H^) 
are used as the source at a deposition temperature of 
400 °C. 

io When the Si-wafer which are processed in the first 
through fourth implementations cut to provide a prede- 
termined number of optical waveguides which are then 
evaluated in the optical characteristics. In the evalua- 
tion, it has been found that any crack does not occur, 

75 and birefringence is not observed in the optical 
waveguides and that the satisfactory optical character- 
istics are obtained for each optical waveguide. 

Although the invention has been described with 
respect to specific embodiment for complete and clear 

20 disclosure, the appended claims are not to be thus lim- 
ited but are to be construed as embodying all modifica- 
tion and alternative constructions that may be occurred 
to one skilled in the art which fairly fall within the basic 
teaching here is set forth. 

25 

Claims 

1. A method of manufacturing an optical waveguide, 
comprising, the steps of: 

30 

F'Ttir*^ *>- CVD, a lower clad layer on a 
r Virtus, sO jer clad layer being made of 
s quartz mhu r^r, 

forming, by using CVD, a core formation layer 
35 on said lower clad layer, said core formation 

layer being made of a quartz material; 

forming at least two cores by patterning said 

core formation layer; and 

forming, by using CVD in which one or more 
40 organic materials are used as a 

source/sources, an upper clad layer on said 

cores and said lower clad layer, said upper clad 

layer being made of a quartz material which 

includes one or more dopants selected from 
45 phosphorus, boron, and germanium, said 

sources including an identical alkoxyt radical. 

2. A method of manufacturing an optical waveguide as 
defined in claim 1 , wherein said steps of forming 

so said lower clad, core formation and upper clad lay- 
ers use CVD selected from an atmospheric pres- 
sure CVD. a plasm CVD, and a low pressure CVD. 

3. A method of manufacturing an optical waveguide as 
55 defined in claim 1 , wherein said step of forming said 

upper clad layer uses said source/sources selected 
fromtrimethylphosphate (PO(OCH 3 ) 3 ), trimethylbo- 
rate (B(OCH 3 ) 3 ), and tetramethoxygermanium 
(GeCOCHsU) and tetramethylortho-silicate 
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(Si(OCH 3 ) 4 ). 

4. A method of manufacturing an optical waveguide as 
defined in claim 1 , wherein said step of forming said 
upper clad layer uses said source/sources selected s 
from trimethylphosphite {P(OCH 3 ) 3 ), trimethylbo- 
rate (BfOCHafo), and tetramethoxygermanium 
(Ge(OCH 3 ) 4 ) and tetramethylortho-silicate 
(Si(OCH 3 ) 4 ). 



5. A method of manufacturing an optical waveguide as 
defined in claim 1 , wherein said step of forming said 
upper clad layer uses said source/sources selected 
from triethylphosphate (PO(OC 2 H5) 3 ), triethylbo- 
rate (BfOCaHs^), and tetraethoxygermanium is 
(Ge(OC 2 H 5 ) 4 ) and tetraethoxysilane (Si(OC 2 H 5 ) 4 ). 

6. A method of manufacturing an optical waveguide as 
defined in claim 1, wherein said steps of forming 
said lower clad layer and said core formation layer 20 
uses said source/sources selected from organic 
materials. 

7. A method of manufacturing an optical waveguide as 
defined in claim 6. wherein said steps of forming 25 
said lower clad layer and said core formation layer 
use CVD selected from an atmospheric pressure 
CVD, a plasm CVD, and a low pressure CVD. 
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